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Image generation 1 

Abstract 

Are visual mental images of objects created a part at a time? The results 
reported in this paper indicate that images of upper case letters are formed 
segment by segment, in roughly the order in which most people draw the letters. 
These results were shown not to be an artifact of how people scan over images 
once they are formed, and could not have been due to experimenter-expectancy 
effects. In addition, the results indicated that subjective estimates of 
mental image generation time are quite close to those obtained using objective 
measures. 
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Sequential Processes in Image Generation: An Objective Measure 

One of the most fundamental observations about mental images is that we 
somehow create them on the basis of stored information. Images are transient, 
percept-like representations that exist in short-tern memory. When we do not 
experience imagery, the information necessary to create images presumably 
resides only in long-term memory; images proper must arise as a consequence of 
this information being processed. In this paper we investigate the processes 
by which visual mental images— the percept-like short-term memory 
representations — are created from information stored in long-term memory. 

It often is assumed that images are generated on the basis of stored 
information (see chapter 6 of Kosslyn, 1980, for a review). This generation 
process purportedly entails the activation of individually-stored units of 
information, which are amalgamated into a single composite representation . 

Such image generation is thought to occur not only when subjects image objects 
arranged into a scene (e.g., a dog chasing a car that has a monkey riding on 
the roof), but when parts of a single object are imaged (e.g., on a bicycle, 
the wheels, handles, and so on); we presume that the units being activated were 
initially parsed and encoded during perception. A basic question one can ask 
about such a generation process is whether parts are imaged simultaneously, or 
whether parts are added sequentially. In this paper we demonstrate that 
segments of letters are imaged one at a time in sequence. 

In addition to investigating the serial nature of the image generation 
process, in this paper we present a new, "objective" methodology for studying 



ERLC 



6 



A 



Image generation 3 

image generation. Image generation has to date been studied using three kinds 
of methodologies, all of which have their weaknesses: First, and most 
directly, subjects have been asked simply to press a button when an image of a 
given named object or scene has been formed (e.g., Beech and Allport, 1978; 
Kosslyn, Reiser, Farah and Fliegel, 1983; Moore, 1915; Paivio, 1975). It has 
been found repeatedly that subjects take more time to respond when asked to 
image more "complex" patterns (e.g., scenes including more objects; pictures of 
animals that Include more details). These data are taken as evidence that 
subjects actively generate the image from Individually stored parts of some 
sort (see Kosslyn et al. 1983). Unfortunately, on the face of things this 
methodology would seem to have <*ome severe drawbacks, hinging on the fact that 
it is highly subjective: it not only depends on subjects* knowing when an image 
is "completely formed," but on their cooperation and good will. In addition, 
given the subjective nature of the judgment, the technique seems especially 
susceptible to possible experimenter demand effects and task demands (see 
Intons-Peterson, 1983; Pylyshyn, 1981). Furthermore, it may not be a good 
measure of image generation per se; after the image is formed, the subject may 
scan around and "inspect" it prior to pressing the button. If so, then the 
response ime may reflect the time to inspect an image in addition to the time 
to generate it, and we cannot aenume to know the relative contributions of the 
two kinds of processes to the overall times. 

The second methodology has the advantage of incorporating an objective 
task. Weber and his colleagues (e.g., Weber and B&ch, 1969; Weber and 
Castleman, 1970; Weber, Kelley and Little, 1972) have asked subjects to judge 
from memory the relative height of lower case letters of the alphabet (e.g., 
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"medium, high, medium, high** for the first four letters of the alphabet). This 
task does not require subjects to decide when an image has been formed, but it 
does require a judgment about the imaged letter after it is available. Thus, 
the response times reflect the operation of both the image generation and 
inspection processes, in addition to the decision processes, and we cannot 
identify the relative contributions of the different processes. In addition, 
given that a series of images usually are created in sequence, some of the time 
to make the judgment may reflect the time for the previous image to fade. 
Furthermore, the task is very stimulus-specific, and in particular seems 
ill-suited for investigations of the processes used to form images of 
individual patterns (such as single letters). 

The third methodology involves asking subjects to study a pattern, and 
then to decide whether a second pattern was a component of the first one (e.g., 
Reed, 1974; Reed and Johnsen, 1975). For example, subjects might study the 
Star of David, and then decide whether a parallelogram was contained within it. 
This methodology also is objective. However, it lacks face validity: There 
simply is no evidence that imagery is involved in this task. In addition, the 
generation component is again conflated with image inspection processes. 
Furthermore, the methodology is not easily used to answer questions of the form 
being asked here, such as whether individual stored units are activated 
sequentially. 

The present experiments rely on a new methodology, which seems to have 
the strengths of the earlier objective techniques and the flexibility and face 
validity of the subjective technique. 

Experiment 1 
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The methodology used in this experiment is derived from a task 
developed by Podgorny and Shepard (1978). In one condition, they showed 
subjects a 5-by-5 matrix, and blacked out specific cells so that a letter was 
displayed. Shortly thereafter, one or more dots appeared in the grid, and 
subjects were asked to decide if all of the dots fell on the figure. In a 
second condition, the subjects saw a blank matrix, and now imaged the letter as 
if the appropriate cells had been blacked out. After forming the image, the 
subjects then decided whether dots fell in cells that were imagined to be 
blacked out. Podgorny and Shepard found remarkably similar patterns of 
reaction times in the two conditioas. Times in both cases depended on whether 
dots fell on intersections or limbs, the size of the figure, and the number of 
dots. In addition, Podgorny and Shepard reported that there was no evidence of 
top to bottom or left to right scanning or the like; in both cases, the cells 
apparently could be monitored in parallel. 

We have adapted the Podgorny and Shepard paradigm to study image j 

generation in the following way: Subjects are shown a blank grid along with a | 

i 

lower case letter. They are told to image the upper case version of the letter 

in the matrix, and to decide whether two x marks fall in cells occupied by the 

image. The x marks appear only 500 msec after the lower-case cue appears, 

which — if previous estimates of image generation time are anywhere near ! 

correct — is not enough time to read the cue and finish generating an image. 1 

Thus, some additional time will be required to generate the image prior to 

evaluating the probes, with more time being required when more of an image must 

be formed. Thus, if more complex forms require more time to image, differences 

in image complexity ought to be reflected by differences in evaluation time in 
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this task. 

The task just described involves not only forming an image, but 
"inspecting" it and making a decision about the relationship between the probe 
marks and imaged pattern. Given Podgorny and Shepard's results, it seems that 
the same factors affect inspecting a physically present display and an image. 
Thus, we included a perceptual condition exactly analogous to the imagery one, 
except that the appropriate cells were actually filled. The times from this 
task were then subtracted from the imagery ones, which should eliminate the 
contribution of the inspection and evaluation processes from the response times 
in the image generation task. 

The most important feature of this experiment is that, in addition to 
varying the' complexity of the letters, we systematically varied the locations 
of the probe marks on key trials. On some trials, both probe marks were 
located on segments that should be generated near the beginning of the 
sequence, if we suppose that a letter's segments are imaged in the sequence 
they are usually drawn or that the single longest line is generated first and 
each connecting link is thereafter generated in order. On other trials, one of 
the probe marks was located on a "far" segment, which should be imaged at the 
end of the sequence, and thus this probe should take more time to evaluate 
because one will have to wait longer for the segment to be generated. If the 
generation sequence is really at the root of such an effect, of course, then we 
expect no such result when the subjects evaluate marks on physically present 
letters. 

In order to compare our new measure of image generation time with the 
traditional subjective method, we also included a third task. Here the 
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subjects saw a lower-case cue, and formed an image of the upper case version of 
the letter in the grid. When the image was c mplete, tlia subject simply 
pressed a button. The time to press the button, reporting that the image was 
formed, was measured. We compared the differences in image generation times 
(among the different letters) obtained from the button press technique with the 
differences obtained from the new objective measure. If both measures in fact 
gauge image generation time, then we should find similar effects of the 
complexity of the imaged letters in both cases. 

Finally, in addition to examining the time to push the button in this 
last task, we examined the time to evaluate the probes when they were presented 
after the image was fully generated. That is, after the subject pressed a 
button to indicate that an image had been formed in the subjective image 
generation task, two x marks appeared and the subject decided whether they fell 
in cells occupied by the imaged figure. This task is very similar to one 
studied by Podgorny & Shepard (1978), and we wished to contrast their results 
on image inspection » which suggested a parallel search, with the present 
predictions on image generation, which posit a serial process. If an image can 
be searched in parallel once formed, then we should not find effects of near 
vs. far probes on these response times. 

Method 

Subjects 

Twelve Johns Hopkins University undergraduate students volunteered to 
participate as paid subjects. 
Materials 

A A x 5 grid was displayed on a video display monitor (subtending 
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approximately 6x8 degrees of vipual angle), and a program was written to form 
the upper case versions of the letters L, C, J, C, H, F, P and U by selectively 
filling in the appropriate cells. The lower case version of the letter was 
presented directly beneath the grid, using the standard APPLE computer font. 
We were interested primarily in responses to the letters L and C (simple 
letter?) and J and G (complex letters); the additional letters were included in 
part as fillers, so that no particular locations in the grid were especially 
likely to be the location of a probe mark. 

The computer was programmed to deliver three types of trials: In one 
type, a letter was actually displayed by filling in the appropriate cells of 
the grid, and the lower case ver3ion was presented beneath the grid; 500 msec 
after the stimulus was presented, an 3C mark appeared in two of the c?il« cf the 
grid. Each x appeared in the center of a cell and remained on until the 
subject responded. On h If the trials both marks fell on the block letter 
(these were "true" trials), and on the other half only one mark fell on the 
letter (these were "false" trials), When a probe mark was off the letter it 
fell in a cell located adjacent to the letter. Each letter was presented 20 
times, 10 with both probe marks on it and 10 with only one mark on it. The 
presentation sequence was random except that each of the 16 stimulus types 
(true and false trials for each of the 8 letters) appeared an equal number of 
times in each block of 80 trials; the same sequence of trials was used in all 
three conditions. A new trial was presented five sec after the subject had 
made a decision. 

For the letters "G " and "J" the "true" trials were divided into two 
types: "Near" trials had one x mark on the spine (the single longest line, the 
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vertical liu* on the left of the "G" and on the right of the "J") and another 
on a segment adjacent to the spine (e.g., the bottom of the G) . "Far" trials 
had one x mark on the spine and one on a segment separated f jm the spine by 
the maximum possible number of intervening segments (i.e., the short 
inward- turning horizontal segment at the right of the G or the vertical tip of 
the hook on the left of the J). The probe marks in the -near" condition were 
separated by a mean of 5.7 cm and 5.5 cm on the screen for the J and G t 
respectively; the probe marks in the "far" condition were separated on the 
screen by a mean of 4.5 cm for both letters. Thus, although we expected "far" 
segments to be generated further apart in the generation sequence, the marks 
were actually closer together on the screen than the "near" marks. The 
different stimuli are illustrated in Figure 1. 



INSERT FIGURE 1 ABOUT HERE 



Another type of trial was exactly like type just described except that 
none of the cells of the matrix were filled in. The lowr case letter was 
presented centered beneath the empty matrix, and the p- >be marks appeared 500 
msec after the grid and lower case letter were presented. 

The remaining type of trial also began by presenting an empty grid with 
a lower case letter centered beneath it. However, in this case the probe marks 
were presented 500 msec after the subject pressed & button (indicating that he 
or she had finished forming the image). The time between the presentation of 
the grid (and cue) and this button press was measured. In all three conditions 
the time for a subject to respond to the probe marks was measured, with the 
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clock starting when the probes were presented and stopping when either of two 

response keys were pressed. The computer recorded all times as well as the 

responses themselves. ' 

All types of trials were preceded by 8 practice trials In which each 
letter appeared once; half of these trials had "true" probes and half had 
"false" probes. 
Procedure 

The session began with a series of study trials to familiarize the 
subjects with the block letters as they appeared In the grid. They were first 
shown an empty grid with the lower case version of the letter beneath It. The 
appropriate cells of the grid were then filled In to form the corresponding 
upper case letter. The subjects were asked to study each letter until they 
could close their eyes and form an Image of It as It appeared In the grid, and 
were given as much time and as many exposures tc tha letters as was needed fot 
them to report being able to form gocd linages of the stimuli. 

All sublects participated ir three tasks. Half of the subjects 
received the Button Push Condition , followed by the Brief Delay 

Condition, and hal* received the Brief Delay Condition first followed by the 
Button Push Condition. The Pert otual Condition was always tdmlnlbtered last 
because we worried that the subjects might begin to learn where the probe marks 
appeared, which would obviate the need for Imagery in the other conditions. 

In the Perceptual Condition he subjects were told simply to indicate 
whether or not both probe marks fell on the visible block letter. If so, they 
were to press the key labeled "yes;" if not, they were to press the key labeled 
"no." The "«" and "/" keys of the APPLE keyboard were used for responses. 
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VMthin each counterbalancing group, half the subjects responded "true" by 
pressing the key beneath their dominant hand and half responded "true" by 
pressing the key beneath their nondominant hand; the remaining key was used to 
respond "false." The response keys were kept constant for all of the tasks* 

In the Brief Delay Condition the subjects were tcld to decide whether 
both probe marks would have fallen on the upper case version of the lower case 
cue letter located beneath the grid. That is, they were asked, "If the 
corresponding block letter were displayed in the grid, would both marks fall in 
cells that were filled?" Again, responses were made by pressing the 
appropriate key. 

In the Button Push Condition there were two responses: First, upon 
seeing the empty grid and lower case cue, subjects were to "project" an image 
of the corresponding upper case letter (as previously studied) into the grid. 
As soon as the image was complete, the subject was to press the button also 
used to indicate "true" decisions. Five hundred msec after making the 
response, the probe marks appeared and the subject decided whether both would 
have fallen on the letter had it actually been present in the grid. In all 
conditions subjects were urged to respond as quickly as possible while keeping 
errors to a minimum. 

Results 

Results from the "true" trials from all conditions were analyzed. Only 
the true trials were considered because only in these cases did we know how 
much of the letter had to be imaged to make the judgment. We began by 
considering the results of analyses of variance, focusing primarily on the 
effects of letter complexity. We next turned to analyses of effects of probe 
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position, now considering analyses of variance and correlations; the mean 
response times for each stimulus were correlated with the number of links that 
should have been generated In an Image of the letter before being able to 
evaluate the farthest probe. In addition, we also examined the partial 
correlation, after the first correlation was removed, between times and the 
distance a subject would have to scan if inspecting the letter from its 
beginning to the farthest probe (distance was measured from the place where one 
starts to print the letter, in mm on the screen, for each stimulus). This last 
correlation was performed to discover whether subjects were scanning images 
after they were generated, as will be discussed shortly. 
Image generation 

The data of primary interest were from the visually simple letters, L 
and C, and the visually complex letters, J and G. The first question we wanted 
to answer was whether the subjective button-press measure of Image generation 
and our new measure tap the same underlying processing. The results from the 
simple button pressing task replicated previous findings, with more time being 
taken for the complex letters than the simple ones (1514 vs. 1232 msec), F(l, 
11) - 18.43, p < .002. 

Similarly, in the Brief Delay Condition the complex letters required 
more time to evaluate than the simple ones (1234 vs. 872 msec), F(l, 11) - 
38.32, p < .0002. 

The data from the Perceptual Condition were collected to be used as a 
baseline. The analysis of these data again revealed that more time was 
required to examine the complex letters than to examine the simple ones (498 
vs. 478 msec), F(l, 11) « 9.90, p < .01. 
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We next derived our objective measure of the difference in image 
generation time for the simple and complex letters. For each subject, we 
simply subtracted the time in the Perceptual Condition for each of the probes 
for each letter from the corresponding time iu the Brief Delay Condition. The 
overall difference between the complex and simple letters in this measure was 
344 msec, compared to a difference of 282 msec in the Button Push task. In a 
single analysis including the derived measure and Button Push times, we found 
that complexity had the same effects on both measures, F < 1 for the 
interaction of measure and complexity. The Button Push times were of course 
longer (because they include the time to encode the cue and to make a 
respons ), F(l f 11) - 22.17, p < .001, and more time was generally required for 
the more complex letters, F(l, 11) - 44.63, p < .0001. The finding that 
complexicy had equivalent effects in the two measures is particularly important 
because the derived measure is uncontaminated by possible effects of complexity 
on the inspection, decision, or response processes. Finally, we correlated the 
Button Push times for all 8 letters with those from the "far" probes in the 
Derived Measure, which should have required completing most of the image; this 
correlation was £ ■ .85. In short, we found evidence that the subjective 
button-press task is a reasonable index of differences in image generation 
time. 

The fact that images of more complex patterns require more time to form 
supports the notion that segments are generated individually, but does not tell 
us whether segments are imaged sequentially. Our next set of analyses 
addressed the question of whether images of some parts of the letters are 
generated before others. We now examined *he effects of "near" versus "far" 
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probes for the two complex letters in the Brief Delay Condition. First, 
response times for near probes were in fact faster than those for far probes 
(1121 vs. 1351 msec, respectively), F(l, 11) « 14.39, p < .005. Second, there 
was no effect of letter (J vs. G), F < 1. And third, the effects of near vs. 
far probes were the same for the two letters, even though the far probes were 
to the left on the J and to the right on the G, F » 1.06 for the approprate 
interaction; thus the effects of trial type are not an artifact of left-right 
scanning. Consistent with these results is the finding that the correlation 
between the mean response times and the number of segments to the second probe 
mark was £ - .80; when this correlation was removed, the partial correlation 
between the response times and distance to the second mark was £ « .24. 

We next examined the effects of near vs. for probes in the Perceptual 
Condition. The results of this analysis are easy to summarize: There was 
absolutely no hint of an effect of near vs. far probe position or of 
interactions with this factor, p >.20 in all cases (the means were 497 vs. 499 
msec for near vs. far, respectively). In another analysis we compared the 
times from the Perceptual Condition with those from the Brief Delay Condition, 
and found that near vs. far probes do indeed affect the two measures 
differently, F(l, 11) » 11.57, p < .01, for the interaction between probe type 
and condition. The correlation between the response times for each of the 
stimuli and the number of segments in a letter from the beginning to the second 
x mark was £ - .24; this correlation contrasts with the .80 correlation found 
in the Brief Delay condition, which is consistent with the claim that effects 
of segments reflect image generation per se. When this correlation was 
removed, the partial correlation between the times and the total distance 
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between the beginning and the second x mark was £ ■ .53, which may suggest that 
some scanning occurs when subjects inspect the actual stimuli. 

Given the results of the analysis of the perceptual baseline, it is not 
surprising that we found effects of near vs. far probes on our derived image 
generation measure, F(l, 11) ■ 11.55, p < .01. And, as before, the effects 
were the same for both letters, F(l, 11) ■ 2.14, p > .15. The correlation 
between the mean derived image generation times for each stimulus and the 
number of segments to the second x mark was £ ■ .80; the partial correlation 
with distance was jr ■ .13. 

Between-subject perceptual control group. We next considered the 
results from a separate Perceptual Condition group, which was tested as a 
control for possible practice or fatigue effects in the wi thin-sub Jects 
Perceptual Condition. This group of 12 Harvard University undergraduates 
(volunteers who were paid for their participation) was tested by a different 
experimenter who was ignorant of the purposes and predictions cf the 
experiment. The method and proced'Ve used here were identical to those used 
for the previous group. 

The results of testing this group were similar to those found for the 
original wi thin-sub jects Perceptual Condition. However, now there vas no 
difference between the different types of probes: The means were 475 and 474 
msec for the simple and complex letters on true trials, F < !, and no other 
effect or interaction was significant, p > .25 in all cases. An analysis of 
the effects of near vs. far probes again revealed absolutely no effect of probe 
location, with means of 478 and 471 msec for the two types of trials, 
respectively, F < 1. The correlation between the mean response times and the 
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number of segments to the second probe mark was £ ■ *20; the partial 
correlation vlA distance was jr - .13. 

The data from this group were considered In a single analysis with the 
data from the Initial within-subject Perceptual Condition. Not only was there 
no significant effect of group, F < 1, but there were no interactions with 
group, p > .13 in all cases. Similarly, there were no significant interactions 
or main effects when we analyzed only the data from the near vs. far trials in 
the two groups, p > .15 in all cases. 

Apparently, the results from the within-subject Perceptual Condition 
were not contaminated by the preceding imagery tasks. Indeed, the magnitude of 
the complexity effect in the two Perceptual Condition groups differed by only 
19 msec, and the disparity in the difference between near and far probe types 
in *" u ~ cwo conditions was only 5 msec. 

We could not subtract a corresponding baseline score from each Brief 
Delay score to derive our objective measure here, because the same subject did 
not participate in both conditions. However, the same message comes through 
when we analyze the data from the Brief Delay Condition together with the data 
from the between- sub jects perceptual baseline. Most Important, we obtained a 
significant interaction between complexity and condition, F(l, 22) ■ 36.31, p < 
•0001, documenting the selective effect of complexity in the Imagery condition. 
In addition, we found that the imagery condition required more time in general 
F(l, 22) - 30.35, p < .0001, and that complex letters required more time In 
general, F(l, 22) • 36.03, p < .0001. No other effects or interactions were 
significant, p > .35 in all cases. 

A combined analysis was also conducted to compare only the near vs. far 
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trials in the between- subject Perceptual Condition and the Brief Delay 
Condition. Most important, we again found a significant interaction between 
Condition and probe location, F(l, 22) - 13.98, p < .002. The difference 
between the trials with near probes and those with far probes was only 7 msec 
in the Perceptual Condition, compartd to 230 asec in the imagery condition. In 
addition, the imagery condition require generally more time, F(l, 22) - 34.93, 
P < .0001, and there was in general an effect of probe location, F(l, 22) - 
12.48, p < .002. No other effects or interactions were significant, p > .25 in 
all cases. 
Image inspection 

We now turn to an analysis of the judgment times following the Button 
Push task (i.e., when an image had been formed prior to presentation of the 
probes) for the subjects in the within-subjects group. This task should 
involve image inspection but not image generation. We again found that more 
time was required to evaluate the more complex letters (670 vs. 763 msec for 
simple and complex letters, respectively), F(i, n) - i 0 .76, p < .01. These 
results, along with the previous ones, are illustratsd in Figure 2. Perhaps 
most interesting, a separate analysis of "near" versus "far" probes revealed 
that, unlike the data in the Brief Delay Condition, far probes did not require 
more time than near ones (804 vs. 722 msec), F(l, 11) - 1.70, p > .2; this was 
true fc. both stimulus letters, F < 1 for the appropriate interaction. The 
correlation between the mean response times and the number of segments to the 
second probe mark was r - .48; the partial correlation with distance was r - 
.42. The means of the near and far probe locations in the various conditions 
are presented in Figure 3. 
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INSERT FIGURES 2, 3 9 AND TABLE 1 HERE 

We next compared our de, ' ^asure of *aage generation time with the 
time to inspect the Image when It was generated before the probes were 
presented. As Is evident In Figure 2, there were diminished effects of 
complexity In the Inspection task, F(l, 11) « 23.96, p < .001, for the 
Interaction of Condition and Complexity. In addition, there was a 338 msec 
overall advantage in inspecting a previously formed image relative to the Brief 
Delay Condition, in which subjects had only 500 msec to read the lower case cue 
and begin to prepare oefore th- probes appeared, F(l, 11) -9.48, p < .02. 

We also compared the tine to Inspec the image after It was generated 
with the time to inspect the physically-present figures in the within-subject 
Perceptual Condition, which are the two conditions originally examined by 
Podgorny and Shepard (1978). There was only one interaction with Condition, 
due to the complexity of the stimulus: There were diminished effects of 
complexity in the Perceptual Condition, F(l, 11) - 6.47, p < .03. In addition, 
the subjects responded more quickly in the Perceptual Condition, F(l, 11) - 
15.74, p < .003. 

Finally, we compared the effects of the two probe locations in image 
inspection times versus the other two measures. The effects of probe location 
fell between those observed in the other measures, resulting in only a marginal 
interaction with Condition in the analysis comparing inspection times with the 
derived image generation data, F(l, 11) « 3.82, p < .08, and no interaction in 
the analysis comparing inspection times with the perceptual L feline, F(l, 11) 
- 1.52, p > .20. 
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The error rates for the various conditions are presented in Table 1. 

Discussion 

There was good convergence in the results from the simple button press 
task traditionally used to measure image formation time and the new derived 
measure, with the effects of letter complexity being similar in the two 
measures. It would appear that subjects are reasonably good judges of when an 
image has been generated. 

The results from the "near" versus "far" trials provide the first 
support for the claim that segments of a form are imaged sequentially. The 
effect did not occur in the analogous perceptual task or image inspection task, 
and was present even when we subtracted the perceptual data from the image 
generation task data, thereby factoring out the encoding, decision, and 
response components of the task. In particular, the fact that these effects 
were not present in the image inspection data provides evidence that these 
effects reflect image generation per se. The correlational analyses dovetailed 
nicely with these results, with the number of segments necessary to image 
before being able to evaluate the probe mark on the "farthest" segment 
correlating highly with response times in the derived measure of image 
generation time. It is of interest that these correlations were low in the 
perceptual task and in the image inspection task— neither of which required 
image generation. 

One might attempt to argue rhat the present results do not indicate 
that images of segments are generated one at a time. Instead, perhaps the 
image of a letter is formed all of a piece, but then is scanned over while 
being inspected. If so, then the more scanning that occurs, the more time will 
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be required. We examined the partial correlations with actual distance to the 
second probe mark in order to consider this hypothesis. That is, it has been 
found repeatedly that response times Increase systematically with the distance 
traversed when imaged patterns are scanned (see chapters 3 and 7, Kosslyn, 
1960). There were no effects of distance per se when effects of- the number of 
segments were removed, counter to what is predicted by the scanning theory. A 
variant of this tneory attributes the effects of complexity and probe position 
not to scanning over the letter, but to systematic left-right scanning over the 
screen; such scanning again would be ussd after the image was formed. However, 
the effects of probe position in the image generation task were obtained when 
the "far" segment was to the left or to the right of the -near- one, and hence 
these effects cannot be due to a such a scanning strategy over the screen. In 
addition, the probe marks in the "near" pairs were actually physically farther 
apart on the display than were the x marks in the "far- pairs, but nevertheless 
near probes required less time than far ones. 

Experiment 2 

The results of Experiment 1 suggest that the effects of complexity and 
of probe location are not simply artifacts of scanning after the image is 
formed. However, this inference is based on a null finding: the lack of a 
significant correlation between distance and response times, after the effects 
of number of segments have been partialed out. It is possible that this 
measure is simply too insensitive to detect distance effects. To examine k>As 
possibility, we now repeat the Brief Delay Condition used in Experiment 1 and 
compare these results to those from an a4ditional condition, in which subjects 
explicitly are instructed to scan over their images of the letters in the 
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course of searching for the two probe marks. When subjects are instructed to 
scan their images, response times should increase with increasing distance 
traversed (see Finke & Pinker, 1982 , 1983; Jolicoeur & Kosslyn, in press; 
Kosslyn, Ball & Reiser, 1978); if they do not, the paradigm is insensitive to 
scanning effects . If we do obtain effects of distance when subjects are 
instructed to scan, but not otherwise, this is evidence that subjects do not 
spontaneously scan over their images before responding. 

Thus, in the present experiment we perform regression analyses on the 
response times in a scanning instruction and no-scanning .Instruction condition, 
comparing how well these times are predicted by various measures of the number 
of segments presumably imaged and the distance presumably scanned before one 
can "see" that both probe marks fall on the letter. 

Even if distance does not generally correlate with response times when 
scanning instructions are not given, this finding would not rule out the 
possibility that some scanning is used in image generation. In particular, 
some subjects in Experiment 1 claimed that the locations of "near" probes were 
on segments that required careful attention when generating the image, being 
connections between two major segments aua being rather tight curves. The 
present experiment was also designed to investigate this possibility. The 
precise positions of the probe marks along a single segment are varied; if the 
segment is scanned when being imaged, these variations • ..ould affect response 
times . 

Finally, this experiment takes an additional precaution not used in the 
within-sub jects conditions of the first experiment: the experimenters were 
totally ignorant of the hypotheses *r*d predictions of this experiment and of 
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the results of the first experiment. This precaution eliminates any possible 
effects of experimenter expectancy (see Intons-Peterson, 1983) • 

Method 

Subjects 

Twenty-four subjects were tested, all of whom were Harvard University 
undergraduates. Half of the subjects participated in one condition, and half 
participated in the other. The subjects volunteered to participate for pay; no 
subject participated in Experiment 1. 
Materials 

The stimuli used in the Brief Delay Condition of Experiment 1 were also 
used here. However, the stimulus set was modified by including two versions of 
the "near" trials for the letters J and G: "Near-close" trials had the second 
x (not on the spine) closer to the spine, and "near- far" trials had the second 
x further from the spine on the same segment as the corresponding "near-close" 
trial. The two types of trials are illustrated in Figure 4. Six trials of 
each type for "G" and for "J" were included. In addition, only four of the J 
and G "far" trials used before were used here. The stimuli were randomized 
with the same constraints used in Experiment 1, and the same sequence was used 
in both conditions. 



INSERT FIGURE 4 HERE 



We also drew on paper a set of 4 x 5 grids, and formed the letters 
within them by blacking out the appropriate squares. Arrows were drawn showing 
the direction in which the strokes are usually drawn (as determined by a 
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consensus of the experimenters an<* people around the lab). These materials 
were used to familiarize subjects with the idea of scanning along the letter in 
search of the probe mar*s« 
P rocedure 

This experiment used a purely between-subject 3 design, with each 
subject being tested in only one condition, which resulted in less load on 
individual subjects and eliminated any possible order effec.tr between 
conditions. This lesigu seemed reasonable in light of the results of 
Experiment 1* In addition, a different experimenter tested the subjects in 
each condition of the experiment; bot 1 experimenters were ignorant of the 
purposes and predictions of the experiment and of the other condition being 
tested* The instructions and procedure for the No Scanning Instruction 
Condition were identical to those 4 -*d in the Brief Delay Condition of 
Experiment 1* 

The Scanning Condition was like the No Scanning Instruction Condition 
except that subjects were told to image the letter in the grid, and then to 
mentally scan along it, tracing out the pathway shown in the sample drawing of 
the letter* Subjects first were asked to study the sample materials and to 
draw each letter, indicating the direction of scan by the way the letter was 
drawn* The subjects were asked to memorise the scan paths, and were tested 
until they could draw each of the scan paths correctly from memory* Following 
this, they were told that we did not want them to respond in the 
probe-evaluatlcn task until they had scanned along their image and passed over 
both x marks, or had scanned over the entire letter and not "seen" both marks. 

We did not test an additional group in the Perceptual Condition for two 
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reasons: First, the data from the between-subjects Perceptual Condition of 
Experiment 1 indicated no effects of complexity or probe type; these results 
suggest that effects of complexity and probe type are not due to encoding, 
evaluation, or response processes* Second, the same mean baseline times (or 
very similar times) would be subtracted from the Scanning and No Scanning data; 
subtracting the same numbers from each would not alter the relative effects of 
number < P segments and distance in the two conditions* In this experiment we 
are not concerned with obtaining an accurate estimate of image generation time 
per se, but only with the relative magnitude of effects in the two conditions. 
Thus, given the question being asked here, we have no need to obtain data from 
another perceptual baseline group. 

As before, 8 practice trials were given at the outset of each condition 
and subjects were urged to respond as quickly as possible, keeping errors to a 
minimum while fully following the instructions. 

Results 

We again focused on the results from the "true" trials, where we had a 
basis for estimating how much of the image should have been formed. We were 
most interested in the results of a set of multiple regression analyses. These 
analyses had two goals: further examination of the effects of distance in the 
two conditions, and discovery of the best principle to describe the order in 
which segments are generated into the image. We began by computing the mean 
verification time (pooling over subjects) f^r each "true" trial for each probe 
of each letter; separate means were computed for the two conditions. We then 
regressed these means onto a number of Independent variables, performing 
separate analyses for the two conditions. We were interested in which variable 
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was entered first In a stepwise procedure, and in which variables accounted for 
significant amounts of the variance. 

Four different measures of segment number were included to allow us to 
evaluate different theories of the order of part generation* Specifically, we 
considered: (a) the number of segments from the beginning of the letter (as It 
is printed In the grid) to the farthest probe mark, which will be important if 
subjects generate images from the beginning of a letter until the second x has 
been "covered* by a segment; (b) the number of segments between the two probe 
marks, which will be important If the subjects generate enough segments of an 
image to evaluate the first probe mark when it Is presented, without additional 
image generation, and thereafter only generate new segments until the second x 
is "covered**; (c) the number of segments to the farthest probe mark from the 
longest single stroke (the spine), which will be important if the single 
longest stroke se* 3 as the "skeletal image" to which all other parts are 
attached; and, (d) the total number of squares occupied by a particular letter, 
which will be important if the separate filled cells, *nd not letter strokes, 
are imaged individually. This last variable Is Important in part because it 
ixlows us to examine effects of distance per se, as opposed to the number of 
squares that must be generated. 

In addition, four measures of distance were Included to help us examine 
possible effects of scanning during image generation and/or Inspection. 
Specifically, we considered: (a) the distance (in mm) along the scan path from 
the beginning of the letter to the farthest probe mark, which will be important 
If the letter is Imaged all of a piece and then scanned along until the second 
mark is found; (b) the distance between the probe marks, which will be 
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Important if the letter is imaged all of a piece and then scanned from the 
location of the first mark to the second or if special care is given to 
generation of these segments 9 resulting in some scanning; (c) the distance (in 
mm) from the beginning of the letter to the second probe 9 not including the 
distance from the first probe to the end of the segment it is on, which will be 
important if subjects scan to the first probe and then Jump to the next segment 
to continue scanning; atid f (d) the total distance from the beginning to the end 
of the letter, which will be important if subjects exhaustively scan the letter 
(not stopping when they reach the second probe). 

In our regression analysis of the No Scanning Instruction Condition 
data, we found that the number of segments between the two probes was entered 
first in our step-wise procedure, with jr « .70. When this correlation was 
partialed out, none of the other measures was significantly related to response 
times, p > .10 in all cases. The multiple R including all variables in the 
equation was .78. Of particular interest is the finding that the distance (in 
mm) from the beginning of a letter to the second probe was correlated only £ - 
.39 with response time when number of segments between probes was partialed 
out . 

It is not surprising that the number of segments between probes was the 
variable that was entered first into the equation for the No Scanning Condition 
data. The probes were presented 500 msec after the subjects saw the lower case 
cue, which should have allowed them to get a start on image generation before 
the probes were presented. If so, then the segment covering the first probe 
mark may often have been imaged before the mark appeared, and the critical 
variable was how many segments remained to be generated between the two marks. 
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I„ our analysis of the Scanning Condition, the distance (ir. «m) fro. 
the beginning to the second probe was entered first, r - .62. p < .01. The 
failure to find that scanning resulted in .ore ti.e in general (see below) 
.uggests that subjects scanned seg.ents as they were generating the., and not 
after the entire i.age was for.cd. Presu^bly. this Joint operation was slow 
enough that there was not enough ti.e to finish generating and .canning the 
initial aeg.ent before the prche. appeared, and thus distance fro. the 
begi»«i«g-.nd not between the probes-was .ost i-portant. No other variable 
was significantly correlated with the response ti«e. when distance was 
partialed out. p > .10 in all cases. The .ultiple R including all variables 
was • 77 • 

Effects on a sing le segment 

We next perf or-ed analyses of variance in order to exa-ine in more 
detail the two sorts of -near- trials for the letter. G and J. In both types 
of trial., one probe .ark fell on the spine, and the other fell on another 
segment (see Figure 4); the position of the probe .ark on the non-spine segment 
was varied: on one trial the x was to the right on the seg.e„t. whereas on the 
other it was to the left. The effects of position were significant in the No 
Scanning Instruction Condition. F(l. 11). - 17.43, p < .002 (for J. the 
near-close and near-far trials were 1193 and 1358 «.ec; for G, 11" and 1350 
ffl sec). Thi. effect was consistent for both letter.. F < 1 for the interaction 
of letter and distance. The effect of position was also significant in the 
Scanning Condition. F(l. 11) - 28.10. p < .0005 (for J, 1332 and 1532 .sec; for 
G, 1481 and 1673 .sec). This effect reflect, the fact that different distances 
had to be .canned for the two probe type.. In addition, -ore ti«e wa. 
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generally required for the letter G, F(l, 11) » 6.98, p < .03. It la not 
aurprlalng that ve found faater times overall for J, given that there was a 
smaller difference in distance between the two probe locations (see Figure 4). 

A combined analysis was also carried out on the data from the two near 
trials in the two conditions. In this analysis there was a significant 
difference between near-close and near-far trials, F(l, 22) - 43.57, p < .0001. 
There was no hint of an interaction between condition and distance, F < 1. 
However, there was a near-significant trend for a greater difference between G 
and J in the Scanning Condition (1577 vs 1432 msec) compared to the No Scanning 
Condition (1247 vs. 1275 msec), F(l, 22) « 3.90, p « .06; this trend makes 
sense because there was a greater distance to scan between the probes for G 
(see Figure 3). No other effects or interactions approached significance, p > 
•15 in all cases. 

We also examined response times to probes in each of the three probe 
locations. As is evident in Figure 5, these results replicated those from the 
first experiment, with increasing time being required for probes located 
increasingly further along the letter. In an analysis including data from both 
conditions, the effect of probe location was highly significant F(2, 44) « 
44.71, p < .0001. No other effect or interaction was significant in this 
analysis, p > .25 in all cases. 



INSERT FIGURE 5 ABOUT HERE 



We also analysed the data to discover whether we had replicated our 
earlier findings. For data from the No Scanning Instruction Condition, we 
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again found an effect of complexity, with means of 1109 and 1367 msec for the 
simple (L, C) and complex (J, G) letters, respectively, F(l, 11) « 10.62, p < 
•01. No other effects or interactions were significant in this analysis, p > 
•09 in all cases. These results, then, indicate that our earlier findings were 
not due to experimenter-expectancy effects, given that post* experiment 
debriefing revealed that the present experimenter remained ignorant of the 
design, purposes, and predictions of the experiment. 

In analyzing the data from the Scanning Condition, we alsj found an i 

i 

effect of complexity, with means of 1193 msec for simple letters and 1606 msec 
for complex ones, F(l, 11) » 51.15, p < .0001. No other effects or 
interactions were significant here, p > .35 in all cases. Although the 
complexity effect was 155 msec larger in the Scanning Condition than in the No 
Scanning Condition, the appropriate interaction did not reach significance in 
an analysis including both sets of data, P(l, 22) « 2.57, p « .12. No other 
interaction with Condition was significant in this analysis, p > .15 in all 
cases. These results are Illustrated in Figure 6. 



INSERT FIGURE 6 ABOUT HERE 



The errors for the different conditions are presented in Table 1. 
There was no evidence of a speed-accuracy tradeoff. Note that the error rates 
for the "far- trials in part reflect the fact that there were only four such 
trials per letter in this experiment. 
Within-subject replication 

Although there was a suggestion of an increased complexity effect in 
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ihe Scanning Condition, this Interaction was not significant. We were 
concerned that the jetween- subjects design Introduced too such variability to 
detect this Interaction, given the finding that there ar* great Individual 
differences In Inage generation times (Kosslyn, Brunn, Cave & Wallach, 1984). 
In order to obtain more stable comparisons of the effects of the two types of 
Instructions, the present experiment was replicated using a vithin-subjects 
design. Eleven Johns Hopkins University undergraduates participated as paid 
subjects. These subjects were tested by a new experimenter, who was Ignorant 
of the purposes and predictions of the experiment. All subjects received the 
Scanning Condition after the No Scanning Condition In an effort to avoid their 
learning a scanning strategy prior to the No Scanning Condition. Exactly the 
same materials and procedure were used In these conditions as were used In the 
corresponding between-subjects conditions. 4 

These data were again analyzed as were those In the between-subjects 
conditions, considering only the results from the -true- trials. In the No 
Scanning Condition we again found that the means for the near-close and 
near- far probes were significantly different, F(l, 10) - 11.34, p < .01; when 
probes at the three distances were analyzed, distance again was significant 
(with means of 1364, 1543, and 1815 msec for near-close, near- far, and far 
trials, respectively), F(2, 20) « 19.59, p < .0001. In addition, visually 
complex letters required more time than visually simple ones (1336 vs. 1574 
msec), F(l, 10) - 6.23, p < .05. 

The No Scanning data were also analyzed using a regression analysis 
Identical to that reported above. Now, however, the first variable entered 
Into the equation was the number of segments to the second probe from the 
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beginning of the letter, jr » .78, p < .01; no other variable contributed 
significantly to the variance accounted for, p > .1 In all cases, and the 
overall multiple R was .86. This result again supports the claim that letters 
are Imaged a segment at a time. This group evinced generally longer response 
times than the corresponding between- subjects group (a mean of 1455 msec, 
compared to 1238 msec for the former group), which suggests that these subjects 
may not have had the first segment Imaged by the time the probes appeared; If 
so, then It makes sense that the number of segments from the beginning of the 
letter was highly correlated with response times. 

The Scanning Condition data also revealed that the means for near-close 
and near-far trials were significantly different, F(l, 10) » 18.67, p < .002; 
when the three distances were analysed, distance was again significant, F(2, 
20) » 20.78, p < .0001. However, there now was an Interaction of letter with 
distance, F(2, 20) - 14.72, p < .0002: the means for near-close, near-far and 
far probes for J were 1750, 1813, and 1932 msec, and for G were 1548, 1868, and 
2379 msec. The differences for the different distances for J are substantially 
less than those for G. This Interaction makes sense because the actual 
distances to the second probe were greater for the letter G, as Is evident In 
Figure 4 • We analysed the data from the two conditions together to compare the 
relative effects of probe location. There was no difference In the effects of 
probe location In the two conditions, F < 1. In addition, In another analysis 
we again found that more time was required for more complex letters (1273 vs. 
1882 msec), F(l, 10) » 120, p < .0001. A separate analysis revealed that this 
effect was more pronounced than that observed in the No Scanning Condition, 
F(l, 20) « 11.32, p < .005, for the interaction of Condition and Complexity; 
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the within-subjects design did indeed prove more sensitive to this difference 
than had the betveen-subjects design. 

The scanning data were also considered using stepwise regressiou 
analyses. The first variable fo enter the equation was the number of segments 
from the beginning of the letter to the second probe mark, £ -.94, p < .01. 
However, the distance to the second probe was the second variable entered and 
contributed significantly to the variance accounted for, F(l, 16) - 7.77, p < 
•03. This result Indicates that both the generation and scanning effects 
contributed to overall response times. No other variable contributed 
significantly to the variance accounted for, p > .1, and the overall multiple R 
was .96. 

Discussion 

The regression analyses revealed clear effects of distance when the 
subjects were asked explicitly to scan their Images when searching for the 
probe marks. Thus, the measure is not insensitive to scanning effects, and it 
is noteworthy that the regression analyses again demonstrated that distance is 
not an important factor when subjects are not told to scan. Scanning could not 
have been used generally in the No Scanning Condition, or distance would have 
correlated significantly with the times as it did in the Scanning Condition. 

The results of the regression analyses again suggest that images of 
letters are constructed from segments in the same sequence as they are hand 
printed. The subjects in the between-subjects experiment apparently could 
generate the initial segment in the time available before the probes appeared, 
whereas the subjects in the within-subjects experiment apparently could not. 
This finding is consistent with the overall faster times from the subjects 
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participating in the betveen-subjects condition* The results showed that 
subjects image each line segment in the matrix as a distinct part; the sheer 
number of filled squares did not prove to be an Important correlate of 
generation time. In addition, the present results replicated our earlier 
effect of complexity, even though the experimenters were completely Ignorant of 
the predictions and purposes of the experiment. 

We also found that more time was required for near-far probes than for 
near-close ones, which was a reliable difference in both of our No Scanning 
Condition groups; Indeed, these effect 6 were of the same magnitude as those 
observed in the Scanning Condition groups. These probes were on a single 
segment, and suggest that some scanning did Indeed occur even when scanning 
instructions were not given. This scanning apparently was restricted to 
selected segments of an linage, and might have beei. used in either Image 
generation or in post-generation inspection. However, we do not know whether 
this scanning is functional. That Is, it could be an essential process in 
placing or examining segments in precise positions in an Image, or it could 
have no actual role In the task. The following experiment Is designed In part 
to investigate the functional role of scanning in Image generation. 

Experiment 3 

The most straightforward interpretation of the results of Experiment 2 
Is that subjects did in fact scan selected parts of their Images, either during 
or after image generation. This conclusion is supported by the effects of the 
position of a probe along a segment; however, the failure of distance to 
account for significant amounts of variance in the regression analyses of the 
No Scanning Conditions indicated that scanning was not a pervasive part of 
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processing in this task. The present experiment was designed to Investigate 
whether scanning plays a functional role In Image generation. If so, then when 
scanning Is impaired, Image generaton should be more difficult* 

In this experiment ve asked subjects to fixate at the center of the 
screen Immediately after reading -the cue. Subjects were to remain fixated on 
the center of the screen during the Image generation and Inspection processes* 
We assume that forcing fixation on the center of the screen should impair 
attentlonal scanning to other locations. Thus, If scanning was a critical 
contributor to our earlier effects, those effects should be altered by these 
instructions. In particular, if the complexity effect in fact reflects the 
time to position individual parts iu an image, and scanning is an Important 
process used in positioning parts, then the complexity effect should be 
amplified when scanning is impaired (and it Is more difficult to position each 
segment) . 

Method 

Subjects 

Twelve Parvard University undergraduates participated as paid 
volunteers. None of these subjects had participated In the previous 
experiments. The experimenter was again Ignorant of the purposes and 
predictions of the experiment. 
Materials 

The stimuli used in Experiment 2 were also used here. In addition, a 3 
ram round piece of masking tape was affixed to the location on the screen 
corresponding to the center of the grid. This tape was used as the fixation 
point. 
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Procedure 

Subjects were told to read the lower case cue and then Immediately fix 
their attention on the tape. They were urged to maintain fixation on the tape, 
throughout the task. Posner, Nlssen and Ogden (1978, pg 149) demonstrated that 
subjects are very good at following this kind of fixation Instruction; Indeed, 
anticipatory eye movements of 1 degree or more occurred on only about 4% of 
their trials. We took Posner et al*a results as evidence that extensive 
monitoring of eye fixation was not necessary. Nevertheless, during the 
practice trials the experimenter watched the subjects' eyes and ensured they 
remained fixated on the center of the screen; during the actual test trials the 
experimenter was out of sight, to eliminate potential experimenter effects 
(even though — as before— the experimenter was Ignorant of the purposes and 
predictions of this experiment). Aside from the addition of the Instructions 
to fixate on the tape, the Instructions were Identical to those used in the No 
Scanning Condition of Experiment 2. As before, 8 practice trials preceded the 
actual test trials, and subjects were told to respond as quickly and accurately 
as possible while following Instructions. 

Results 

As usual, simple letters were evaluated more quickly than more complex 
ones (1105 vs. 1506 msec), F(l, 11) - 14.26, p < .005. This result 
demonstrates that the effect of complexity cannot be due to scanning over the 
Image, given that all subjects reported complying with the fixation 
Instructions at least 80 per cent of the time when queried after the experiment 
proper* No other effects or Interactions were significant In this analysis, p 
> .25 In all cases. 
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To discover whether there were any effects of scanning, we next 
analyzed only the two near probes. This analysis indicated chat the difference 
between the two near probe locations did not even approach significance, F < 1. 
This result is exactly as expected if the instructions did in fact discourage 
the subjects from scanning. 

We next analysed the effects of the three probe locations along the 
letters. This analysis revealed only one significant affect, of increasing 
distance, F(2, 22) - 7.85, p < .003. The means were 1293, 1350, and 1876 msec 
for near- close, near-far, and far probes, respectively. Thus, we again found 
our effect of segment, with the "far" probes requiring more time than the two 
"near" ones, which were not significantly different from each other. 

The data were also considered using a stepwise regression analysis, 
exactly as was used in Experiment 2. The first variable to enter the equation 
was the number of segments between the two probes, £ ■ .87, p < .01. The 
second variable to enter the equation was the number of filled squares in the 
entire letter, which also accounted for a significant portion of the variance, 
F(l, 16) - 10.26, p < .01. Distance contributed no additional variance 
whatsoever, F < 1.1 for all measures of distance. The multiple R for the 
equation after all variables were entered was .94. 

The data from this experiment were next compared to the data from the 
between-subjects No Scanning Condition of Experiment 2. Most important, the 
analysis of variance revealed that the effects of complexity were the same In 
both experiments, F(l, 22) « 1.18, p > .25, for the interaction of Condition 
and Complexity. Indeed, the overall mean response times were the same in both 
experiments, F < 1. These null effects suggest that scanning was not an 
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important component of processing in the previous No Scanning Condition. The 
data were not simply noisy; this analysis did reveal significant effects of 
Complexity, F(i, 22) « 24.74, p < .0001, and Letter, F(2, 44) « 3.53, p < .05. 

A further analysis considered the relative effects of probes af. the 
three locations in the Fixate Condition and No Scanning Condition. Af usual, 
we' obtained an ef >ct of distance, F(2, 44) - 17.68, p < .0001. Ther ;as no 
interaction between Distance and Condition, F(2, 44) « 1,56, p > .20 Nor was 
there an interaction between distance and Condition when only the two near 
probes were considered, F (1, 22) « 2.02, p - .17. This failure to find 
interactions with Condition is not surprising; tjie originil effect wa- not very 
pronounced. These results are Illustrated in Figure 7. 



INSERT FIGURE 7 ABOUT HERE 



The error rates for this experiment can be seen in Table 1. There is 
no evidence of speed-accuracy tradeoffs. The high error rate for far probes 
for G is due to the fact that there were only 4 such trials for each subject 
and 2 subjects missed 3 of the 4 trials. 
Discussion 

The data from the Fixate Condition were very sim'lar to the results 
from the No Scanning Condition of Experiment 2. Now, however, we did not find 
a significant difference between the two "near" probe locations, corroborating 
our assumption that the fixation instructions would discourage scanning, The 
mere fact that subjects could perform this task as well *s before, when 
scanning was not impaired, is important, suggesting that scanning 1p not an 
essential component of image generation. Also important is the finding that 
the effect of complexity was the same in both conditions. On t..e one hand, if 
ERIC tlme t0 generate Images of individual segments is facilitated by scanning, 
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we would have expected more pronounced effects of complexity when scanning was 
1 paired. On the other hand, If Images are generated very quickly but more 
post-generation scanning occurs when when one forais Images of more complex 
letters, and this processing Is at the root of the effects of complexity, then 
ve would expect less pronounced effects of complexity when scanning Is 
discouraged. But we did not find either deviation from the results obtained 
earlier, when subjects were not asked to fixate on a central point during the 
task. The fact that the number of segments between the two probes proved to be 
the most important variable In the regression analysis also serves to attest to 
the Importance of segments — and not distance or simple number of Intervening 
squares — In the generation process. 

Finally, it may be worth noting that the present results allow us to 
reject yet another alternative interpretation of our findings. The results 
cannot be due to eye movements. That is, the Increases in time for 
increasingly complex letters or farther probes cannot reflect the time required 
to make additional eye movements. Tills notion is implausible on the face of 
things, given the magnitudes of our effects relative to eye movement time, but 
it is worth having the convergent evidence from t « fixation condltlou. 

General Discussion 
The results from these experiments allow us to draw three general 
conclusions. First, and perhaps most important, the earlier subjective 
technique for measuring image generation received a good measure of face 
validity. We found very similar effects of thu complexity of a letter on the 
time co generic an image of it using a simple self- report task and on our 
objective measure. Furthermore, the results of the second and third 
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experiments showed that the objective estimate was not due to 
experimenter-effects, which Indirectly demonstrates that the subjective 
self-report task was not affected by any possible experimenter-effects in our 
firrt experiment. flius, the previously reported results from experiments that 
usfew. the subjective method are unlikely to lead us too far astray. Second, we 
showed that images are generated a segment at a time. Although there was 
evidence that subjects may spontaneously scan selected parts of a pattern being 
imaged, we found that such scanning did not have a functional role in image 
generation; the complexity effect or the longer times to Judge probes 
pr 'tloned on more removed segments were not a consequence of scanning. The 
finding of increased time to verify probes that fell on more removed segments 
in the Fixation Condition—with no hint of an effect of distance per se— shows 
that the effect of segment is not due to subjects* scanning an image while 
generating it or after generating it. Third, there is evidence that the 
segments of a letter are imaged in the same order in which *hey are usually 
hand printed. 

In Experiment 2, we found significant effects of distance from 
near-close to near- far probes on the same segment. As it happens, the segments 
selected for these probes were at "kinks- in the shape; that is, the segments 
we selected for the two types of near probes were at regions of great change in 
the contours. Given that distance did not affect times in general, it seems as 
if subjects tend to scan only when high precision is required to generate or 

jpect the parts. Perhaps even though the images are generated a segment at a 
time, the subjects in effect slow down and "look at" the complicated areas of a 
figure before making a decision. Although we found no evidence In these 
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experiments that this scanning process Is actually helpful In Image generation 
or Inspection, it Is possible that this process does have a useful role In some 
situations. 

The present recults are Interesting in light of Kosslyn, Holtzman, 
Farah & Gazzaniga f s (1984) recent finding that the right hemispheres of 
split-brain patients have difficulty in forming Images of letters and in 
Imaging the correct relative relation of two parts of an object, vhereau their 
left hemispheres have no difficulty in these tasks. If upoer case letters are 
Imaged a segment at a time, it makes sense that the right hemisphere will have 
difficulty Imaging letters: these patients have difficulty performing numerous 
sequential-processing tasks in their right hemispheres, such as drawing simple 
Inferences about the next Item la a progression of successive cues. In 
contrast, both hemispheres were equally good at Imagery tasks requiring the 
generation of a single -global shape. The distinction between r.he two types 
of tasks suggested that the deficit was specific only to imagery casks that 
involved integrating separate units into a single composite form. Thus, these 
results converge nicely with Che cl',im that letters are Imaged a segment at a 
time. 

In conclusion, the prrnent methodology offers promise of helping us to 
discover further details about how visual mental Images >re generated. In 
particular, it could be used easily to study the principles that underlie the 
order in which part* are added to an image in different task-contexts. 
Although the earlier methods do not seem to have led us astray, the new one 
provides opportunities to answer questions that could not be grappled with 
before. 
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Footnotes 

Requests for reprints should be sent to S. M. Kosslyn, 1236 William James Hall, 
33 Kirkland Street, Cambridge, MA 02138. This work was supported by NIMH Grant 
MH 39478-Oi and ONR Contracts N00014-82-C-0166 and N00014-83-K-0095. The 
authors wl^h to thank Eric Domeshek and Jeffrey Holtzman for useful criticism, 
and Lori Cronin, Tim Doyle, Phil James and Leah Kaufman for technical 
assistance. 
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Table I. Error Rates (in percentages). When appropriate, errors for complex 
letters are broken into near-close (NC), near-far (NF) , and far (P) probu 

locations* 



Experiment 1 



Stimulus 




Task 








Brief Delay 


Perceptual 
( within-sub jects) 


Perceptual 
(between-subjects) 


Image 
Inspect! 


L 


2.5 


.8 


2.5 


.8 


C 


5.8 


.8 


1.7 


3.3 


J - Near 6.7 


1.7 


0 


0 


J - Far 


10.0 


0 


0 


3.3 


G - Near 1.7 


3.3 


1.7 


0 


G - Far 


5.0 


5.0 

Experiment 


1.7 

2 


0 


Stimulus 


No Scanning Instructions 
Between-subjects Within-sub Jects 


Scanning Instructions 
Between-subjects Within-subje 


L 


2.8 


1.0 


.93 


1.0 


C 


1.8 


0 


2.8 


0 


J ~ NC 


2.8 


3.0 


1.4 


1.5 


J - NF 


A. 2 


9.1 


1.4 


7.6 


J - F 


8.3 


6.8 


4.2 


2.3 


G - NC 


0 


3.0 


1.4 


3.0 


G - NF 


0 


1.5 


2.8 


4.5 


G - F 


12.5 


18.2 


2.1 


2.3 



ERIC 



49 



Image generation 47 



Table 1 (continued) 

Experiment 3 



Stimulus 



L 




2.8 


C 




6.5 


J - 


NC 


4.2 


J - 


NF 


5.6 


J - 


F 


6.2 


G - 


NC 


1.4 


G - 


NF 


1.4 


G - 


F • 


20.8 



50 



Image generation 48 



Figures 



Figure 1. The simple and complex stimuli used in Experiment 1, with probe 
locations. 

Figure 2. Mean response times for simple and complex letters in Experiment I, 
for image generation, Image inspection, and perceptual inspection. 

Figure 3. Mean response times for near and far probe locations in Experiment 
1. 

Figure 4. The «.wo types of near probe locations used In Experiments 2 and 3. 
Figure 5. Mean response times for three types of prob* locations in Experiment 
2. 

Figure 6. Mean response times for simple and complex letters In Experiment 2. 
Figure 7. Mean response times in Experiment 3. The right panel presents the 
means from the three probe locations used for the complex letters. 
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FIGURE 2 
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FIGURE 3 
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FIGURE 5 
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o 

CD 

<n 
E 



(Si 

z 
o 

CL 

cn 

UJ 



2100 " 
1900 - 
1700 ■ 
1500 ■■ 
1300 ■ 
1100 - 



STIMULUS 



+ 



SIMPLE 



+ 



COMPLEX 



PROBE LOCATION 



+ 



+ 



NEAR -CLOSE NEAR- FAR 



FAR 



PROBE TYPE 



ERIC 



58 



1965/09/04 

Harvard University/Stephen M. Kosslyn 



Dr. Phillip L. Ackerman 
University of Minnesota 
Department of Psychology 
Minneapolis, MN 55455 

AFOSR, 

Life Sciences Directorate 
Boiling Air Force Base 
Washington, DC 20332 

Dr. Robert Ahlers 
Code N71 1 

Human Factors laboratory 
NAVTRAEQUIPCEN 
Orlando, PL 32813 

Dr. Ed Aiken 

Navy Personnel R&D Center 
San Diego, CA 92152 

Dr. Robert Aiken 

Temple University 

School of Business Administration 

Department of Computer and 

Information Sciences 
Philadelphia, pa 19122 

Dr. Earl A. Alluisi 
HQ, APHRL (AFSC) 
Brooks AFB, TX 78235 

Dr. James Anderson 
Brown University 
Center for Neural Science 
Providence, RI 02912 

Dr. John R. Anderson 
Department of Psychology 
Carnegie-Mellon University 
Pittsburgh, PA 15213 

Dr. Nancy S. Anderson 
Department of Psychology 
University of Maryland 
College Park, MD *7742 

Technical Director, ART 
5001 Eisenhower Avenue 
Alexandria, VA 22333 

Dr. Alvah Bittner 

Naval B« ©dynamics Laboratory 

New Orleans, LA 70189 

ERJC 



Dr. Gordon H. Bower 
Department of Psychology 
Stanford University 
Stanford, CA 94306 

Dr. Robert Breaux 
Code I+-095R 
NAVTRAEQUIPCEN 
Orlando, PL 32813 

Dr. John S, Brown 
XEROX Palo Alto Research 

C enter 
3333 Coyote Road 
Palo Alto, CA 94304 

Dr. Bruce Buchanan 
Computer Science Department 
Stanford University 
Stanford, CA 94305 

Mr. Niels Busch-Jensen ' 
Porsvarets Center for Lederskab 
Christianshavns Voldgade 8 
1424 Kobenhavn K 
DENMARK 

Dr. Jaime Carbonell 
Carnegie-Mellon University 
Department of Psychology 
Pittsbi-'th, PA 15213 

Dr. Gail Carpenter 

Noi i-heastern University 

Department of Mathematics, 504LA 

360 Hu.itingtor. Avenue 

Boston, MA 02i15 

Dr. Pat Carpenter 
Carnegie-Mellon University 
Department of Psychology 
Pittsburgh, PA 15213 

Dr. Robert Carroll 
NAVOP 01 BY 

Washington, DC 20370 

Mr. Raymond E. Christal 
AFHRL/MOE 

Brooks AFB, TX 78235 



59 



Harvard University/Stephen M. Kosalyn 



1985/09/04 



Professor Chu Tien-Chen 
Mathanatica Department 
National Taiwan Uhiveraity 
Taipei, TAIWAN y 

Dr. William Clancey 

Stanford, CA 94306 

jj. David E. Clanent 
Departnent of BsychoW 
^iveraity of Soff Ca^ Una 
Columbia SC 29208 

Chi ^°L N ? val »«*tion 
arid Training 

Liaison Office 

Williams APB, AZ 85224 

Assistant Chief of Staff 
for Research, Development, 
Test, and Evaluation 
Naval Education and 
„, gaining Command (N-<0 
NAS Itensacola7i?l2508 

Dr. Michael Coles 

Department of Psychology 
Champaign, IL 61820 

J*. Allan M. Coii ins 
Bolt B^ranek & Newman, l nc 

Cambridge, MA 02138 

Dr Stanley Collyer 
Office of ifeval Technology 
800 N. Qu incy street sy 

Arlington, VA 22217 

Dr. Leon Cooper 
Brown University 
Center for Neural Sciennp 
Providence, RI 02912 



9 

ERLC 



Dr. Lynn A. Cooper 
yarning R«) Center 
University of Pittsburgh 
3939 O'Hara street 
Pittsburgh, PA 15213 

S?- ^If Correia Jesuino 
Marinha-7A Reparticao 

? &> Pessoal 

Iraca Do Comercio 
Lisbon 

PORTUGAL 

M.C.S. Louis Crocq 

Secretariat General de la 
Dexense Nationale 

TSWTlCff de ^-Maubourg 
PRANCE 

Dr. Hans Crombag 
University of Ieyden " 
fflucation Research Center 
floerhaavelaan 2 
2334 EN Ieyden 
The NETHERIANDS 

CDR Mike Curran 
WYice of Naval Research 
SCO N. Quincy St. 
Code 270 

Arlington, VA 2221 7-5000 

Bryan Dallman 
AFHRL/lRT 

Lowry APB, CO 80230 
Dr. Charles E. Davis 

Code 442PT 81 BWearch 
800 North Qiincy street 
Arlington, VA 22217-50O0 

Dr. Joel Davis 

SS^Sp" 1 * 1 te8earch 

OX North Qumcy Street 
Arlington, VA 22217-5000 

60 



1985/09/04 

Harvard University/Stephen M. Kosslyn 



ERIC 



Dr. R. K. Diamukes 

Associate Director for Life Sciences 

AFOSR 

Boiling ARB 
Washington, DC 20332 

Dr. ^nanuel Donchin 
Uhi.ersity of Illinois 
Department of Psychology 
Champaign, IL 61820 

Defense Technical 

Information Center 
Cameron Station, Bldg 5 
Alexandria, VA 223U 
Attn: TC 
(12 Copies) 

Dr. Heinz- jurgen Ebenrett 
Streitkrafteamt, Abteilung I 
Dezernat Wehrpeychologie 
Postfach 20 50 03 
D-5300 Bonn 2 

FEDERAL REPUBLIC OP GERMANY 

Dr. Ford Ebner 

Brown University 
Anatomy Department 
Medical School 
Providence, RI 02912 

Dr. Jeffrey ELman 
University of California, 

San Diego 
Department of Linguistics, C-006 
La Jolla, CA 92093 

Dr. Richard ELster 
Deputy Assistant Secretary 
of the Navy (Manpower) 

oasn :mk) 

Department of the Navy 
Washington, DC 20350-1000 

ERIC Facility-Acquisitions 
4833 Rugby Avenue 
Bethesda, MD 20014 

Dr. Martha Parah 
Department of Psychology 
Carnegie -Mellon University 
Schenley Park 
Pittsburgh, PA 15213 



Dr. Jerome A. Feldman 
University of Rochester 
Computer Science Department 
Rochester, NY 14627 

Dr. Paul Feltovich 

Southern Illinois University 
School of Medicine 
Medical Education Department 
P.O. Box 3926 
Springfield, IL 62708 

Dr. Craig I. Fields 
ARPA 

1400 Wilson Blvd. 
Arlington, VA 22209 

Dr. Dexter Fletcher 
University of Oregon 
Computer Science Department 
Eugene, OR 97403 

Dr. Michaela Gtdlagher 
University of North Carolina 
Department of Psychology 
Chapel Hill, NC 27514 

Dr. Don Gentner 
Center for Human 

Information Processing 
University of California 
La Jolla, CA 92093 

Dr. Claude Ghez 

Center for Neurobiology and 

Behavior 
722 W. 168th Street 
New York, NY 10032 

Dr. Gene L. Gloye 
Office of Naval Research 

Detachment 
1030 E. Green Street 
Pasadena, CA 91106-2485 

Dr. Sam Glucksberg 
Princeton University 
Department of Psychology 
Green Hall 

Princeton, NJ 08540 



61 



1985/09/04 

Harvard University/Stephen M. Kbsalyn 



Dr. Dar'.el Gopher 
Indust al Engineering 

4 Management 
TBCHNION 
Haifa 32000 
ISRAEL 

Dr. Sherrie Gott 

afhrl/modj 

Brooks AFB, TX 78235 

Jordan Grafman, Ph.D. 
Department of Clinical 

Investigation 
Walter Heed Army Medical Center 
6825 Georgia Ave., N. V. 
Washington, DC 20307-5001 

Dr. Richard H. Granger 
Department of Computer Science 
University of California, Irvine 
Irvine, CA 92717 

Dr. Wayne Gray 
Army Research Institute 
5001 Eisenhower Avenue 
Alexandria, VA 22333 

Dr. Stephen Grossberg 
Center for Adaptive Systems 
Roan 244 

111 Cummington Street 
Boston University 
Boston, MA 02215 

Dr. Muhammad X. Habib 
University of North Carolina 
Dervtment of Biostatistics 
Chb. 1 Hill, NC 27514 

Dr. Henry M. Halff 
Halff Resources, Inc. 
4918 33rd Road, North 
Arlington, VA 22207 

Dr. Ray Hannapel 
Scientific and Engineering 
Personnel and Education 
National Science Foundation 
Washington, DC 20550 



ERIC 



Stevan Harnad 

Editor, The Behavioral and 

Brain Sciences 
20 Nassau Street, Suite 240 
Princeton, NJ 08540 

Dr. Geoffrey Hinton 
Computer Science Department 
Carnegie-Mellon University 
Pittsburgh, PA 15213 

Dr. Jim Hollan 
Code 51 

Navy Personnel R&D Center 
San Diego, CA 92152 

Dr. John Holland 
University of Michigan 
2313 East Engineering 
Ann Arbor, MI 48109 

Dr . Keith Holyoak 
University of Michigan 
Human Performance Center 
330 Packard Road 
Ann Arbor, MI 48109 

Dr. Earl Hunt 
Department of Psychology 
University of Washington 
Seattle, WA 98105 

Dr. Ed Hutch ins 

Navy Personnel HtD Center 

San Diego, CA 92152 

Dr. Alice teen 
Department of Psychology 
University of Maryland 
Catonsville, MD 21228 

Pharm.-Chim. en Chef Jean Jacc, 
Division de Paychologie 
Centre de Recherchea du 

Service de Sante des Armees 
108 Boulevard Pinel 
69272 Lyon Cedex 03, JHANCE 

COL Dennis W. Jarvi 

Commander 

APHRL 

Brooks AFB, TX 78235-5601 



62 



1965/09/04 

Harvard University/Stephen M. Kosslyn 



Col. Dominique Jouslin de No ray 
Etat-Major de l'Armee de Terre 
Centre de Halations Humaines 
3 Avenue Octave Greard 
75007 Paris 
PRANCE 

Dr. Marcel Just 
Carnegie-Mellon University 
Department of Psychology 
Schenley Park 
Pittsburgh, PA 15213 

Dr. Daniel Kahneman 

The University of British Columbia 

Department of Psychology 

#1 54-2053 Main Mall 

Vancouver, British Columbia 

CANADA V6T 1Y7 

Dr. Demetrios Karis 

Gruaanan Aerospace Corporation 

MS C04-14 

Bethpage, NY 11714 

Dr. Milton S. Katz 
Army Research Institute 
5001 Eisenhower Avenue 
Alexandria, VA 22333 

Dr. Steven W. Keele 
Department of Psychology 
University of Oregon 
Eugene, OR 97403 

Dr. Scott Kelso 
Haskins laboratories, 
270 Crown Street 
New Haven, CT 06510 

Dr. Dennis Kibler 
University of California 
Department of Information 

and Computer Science 
Irvir.e, CA 92717 

Dr. Mazie Kherr 
Program Manager 
Training Research Division 
HumRRO 

1100 S. Washington 
Alexandria, VA 22314 

ERIC I 



Dr. Stephen Kosslyn 
Harvard University 
1230 William James Hall 
33 Kirkland St. 
Cambridge, MA 02138 

Dr. Benjamin Kuipers 
Department of Mathematics 
Tufts University 
Med ford, MA 02155 

Dr. Patrick Kyllonen 
APHRL/MOE 

Brooks APB, TX 78235 

Dr. Pat Iangley 
University of California 
Department of Information . 

and Computer Science 
Irvine, CA 92717 

Dr. Marcy Iansman 
University of North Carolina 
The L. L. Thurstone lab. 
Davie Hall 01 3A 
Chapel Hill, NC 27514 

Dr. Robert Iawler 
Information Sciences, PRL 
GTE laboratories, Inc. 
40 Sylvan Road 
Waltham, MA 02254 

Dr. Alan M. Lesgold 
Learning RfeD Center 
University of Pittsburgh 
Pittsburgh, PA 15260 

Dr. Charles Lewis 

Paculteit Sociale Wetenschappen 

Rijksuniversiteit Groningen 

Oude Boteringestraat 23 

971 2GC Groningen 

The NETHERLANDS 

Science and Technology Division 
Library of Congress 
Washington, DC 20540 

Dr. Dob Lloyd 
Dept. of Geography 
University of South Carolina 
Columbia, SC 29208 



1985/09/04 

Harvard University/Stephen M. Khaalyn 



Dr. Gary lynch 
University of California 
Center for the Neurobiology of 

Learning and Memory 
Irvine, CA 92717 

Dr. Don Lyon 
P. 0. Box 44 
Higley, AZ 85236 

Dr. William L. Maloy 
Chief of Naval Education 

and Training 
Naval Air Station 
Pensacola, PL 32508 

Dr. Jay McClelland 
Department of Psychology 
Carnegie-Mellon University 
Pittsburgh, PA 15213 

Dr. James L. McGaugh 
Center for the Neurobiology 

of Learning and Memory 
University of California, Irvine 
Irvine, CA 92717 

Dr. Joe McLachlan 

Navy Personnel R&D Center. 

San Diego, CA 92152 

Dr. James McMichael 
Navy Personnel F&D Center 
San Diego, CA 92152 

Dr. George A. Miller 
Department of Psychology 
Green Hall 

Princeton University 
Princeton, NJ 08540 

Spec. Asst. for Research, Experi- 
mental & Academic Programs, 
NTTC (Code 016) 

NAS Memphis (75) 

Millington, TN 38054 

Assistant for Planning MANTRA PERS 

NAV0P 01 B6 
Washington, DC 20370 



Assistant for MPT Research, 
Development and Studies 
NAV0P 01 B7 

Washington, DC 20770 

Assistant for Personnel 

Logistics Planning, 

NATCP 987H 
5D772, The Pentagon 
Washington, DC 20350 

Leadership Management Blucation 
and Training Project Officer, 
Naval Medical Command 

Code 05C 

Washington, DC 20372 

Director, Training Laboratory, 

NFRDC (Code 05) 
San Diego, CA 92152 

Director, Manpower and Personnel 
Laboratory, 

•NffiDC (Code 06) 
San Diego, CA 92152 

Director, Human Factors 

& Organizational Systems lab, 

NIRDC (Code 07) 
San Diego, CA 92152 

Fleet Support Office, 

NIRDC (Code 301) 
San Diego, CA 92152 

Library, NffiDC 

Code P201L 

San Diego, CA 92152 

Commanding Officer, 

Naval Research laboratory 
Code 2627 

Washington, DC 20390 

Dr. Harry P. O'Neil, Jr. 
Training Research Lab 
Army Research Institute 
5001 Eisenhower Avenue 
Alexandria, VA 2*333 



64 



1985/09/04 

Harvard Univereity/Stephen M. Kbsslyn 



Dr. St ell an Ohlsson 
Learning R&D Center 
University of Pittsburgh 
3959 O'Hara Street 
Pittsburgh, PA 15213 

Director, Technology Programs, 

Office of Naval Research 
Code 200 

800 North Quincy Street 
Arlington, VA 22217-5000 

Director, Research Programs, 
Office of Naval Research 
aOO North Quincy Street 
Arlington, VA 22217-5000 

Office of Naval Research, 

Code 433 
300 N. Quincy Street 
Arlington, VA 22217-5000 

Office of Naval Research, 

Code 441NP 
800 N. Quincy Street 
Arlington, VA 22217-5000 

Office of Naval Research, 

Code 442 
800 N. Quincy St. 
Arlington, VA 22217-5000 

Office of Naval Research, 

Code 442EP 
800 N. Quincy Street 
Arlington, VA 22217-5000 

Office of Naval Research, 

Code 442PT 
800 N. Quincy Street 
Arlington, VA 22217-5000 
(6 Copies) 

Psychologist 

Office of Naval Research 
Branch Office, London 
Box 39 

FPO New York, NY 09510 



85 



Special Assistant for Marine 

Corps Matters, 

ONR Code 100M 
800 N. Quincy St. 
Arlington, VA 22217-5000 

Psychologist 

Office of Naval Research 
Liaison Office, Far East 
APO San Francisco, CA 96503 

Dr. Judith Orasanu 
Army Research Institute 
5001 Eisenhower Avenue 
Alexandria, VA 22333 

Daira Paulson 

Code 52 - Training Systems 
Navy Personnel R&D Center 
San Diego, CA 92152 

Lt. Col. (Dr.) David' Payne 
AFHRL 

Brooks AFB, TX 78235 

Dr. Douglas Pearse 

DCIEM 

Box 2000 

Downsview, Ontario 
CANADA 

Dr. James W. Pellegrino 
University of California, 

Santa Barbara 
Department of Psychol^ 
Santa Barbara, CA 93106 

Military Assistant for Training and 

Personnel Technology, 

OUSD (R & E) 
Rocm 3D 129, The Pentagon 
Washington, DC 20301 

Dr. Ray Perez 

ARI (rERI-II) 

5001 Eisenhower Avenue 

Alexandria, VA 2233 

Dr. Steven Pinker 
Department of Psychology 
E10-018 
M.I.T. 

Cambridge, MA 02139 



1985/09/04 

Harvard University/Stephen M. Kbsslyn 



Or. Martha Poison 
Department of Psychology 
Campus Box 346 
University of Colorado 
Boulder, CO 80509 

Dr. Peter Poison 
University of Colorado 
Department of Psychology 
Boulder, CO 80509 

Dr. Mike Posner 
University of Oregon 
Department of Psychology 
Eugene, OR 97405 

Dr. Karl Pribram 
Stanford University 
Department of Psychology 
Bldg. 4201 — Jordan Hall 
Stanford, CA 94305 

It. Jose Puente Ohtanilla 
C/Santisima Trinidad, 8, 4 E 
28010 Madrid 
SPAIN 

Dr. James A. Reggia 
University of Maryland 
School of Medicine 
Department of Neurology 
22 South Greene Street 
Baltimore, MD 21201 

Ms* Riitta Ruotsalainen 
General Headquarters 
Training Section 
Military teychology Office 

PL 919 

SF-00101 Helsinki 10, FINLAND 

Dr. E. L. Saltzman 
Haskins laboratories 
270 Crown Street 
New Haven, CT 06510 

Dr. Arthur Samuel 
Yale University 
Department of Psychology 
Box 11 A, Yale Station 
New Haven, CT 06520 



ERLC 



Dr. Robert Saamor 
Army Research Institute 
5001 Eisenhower Avenue 
Alexandria, VA 22553 

Mrs. Birgitte Schneidelbach 
Forsvarets Center for Lederskab 
Christianshavns Voldgade 8 
1424 Kbbenhavn K 
DENMARK 

Dr. Walter Schneider 
University of Illinois 
Psychology Department 
605 E. Daniel 
Champaign, II 61820 

Dr. Judith Segal 
Room 81 9P 
HIE 

1200 19th Street N.W. 
Washington, rC 20208' 

Dr. Robert J. Seidel 
US Army Research Institute 
5001 Eisenhower Ave. 
Alexandria, VA 22353 

Dr. T. B. Sheridan 

Dept. of Mechanical Engineering 

MIT 

Cambridge, MA 02139 

Dr . Zita M Simutis 
Instructional Technology 
Systems Area 

ARI 

5001 Eisenhower Avenue 
Alexandria, VA 22333 

Dr. H. Wallace Sinaiko 
Manpower Research 

and Advisory Services 
Smithsonian Institution 
801 North Pitt Street 
Alexandria, VA 22314 

IIC Juhani Sinivuo 
General Headquarters 
Training Section 
Military Psychology Office 
PL 919 

SF-00101 Helsinki 10, FINLAND 

66 



1985/09/04 

Harvard University/Stephen M. Kbsalyn 



Dr. Edward E. Smith 
Bolt Beranek & Newman, Inc. 
50 Moulton Street 
Cc-V idge, MA 02138 

Dr. Kathryn T. Spoehr 
Brown University 
Department of Psychology 
Providence, RI 02912 

Dr. Ted Steinke 
Dept. of Geography 
University of South Carolina 
Columbia, SC 29208 

Dr. Saul Sternberg 
University of Pennsylvania 
Department of Psychology 
5815 Walnut Street 
Philadelphia, PA 19104 

Medecin Philippe Stivalet 
Division de Psychologie 
Centre de Recherches du 

Service de Sante des Arraees 
108 Boulevard Pinel 
69272 Iyon Cedex 03, IRANCE 

Dr. John Tangney 
APOSR/NL 

Boiling AFB, DC 20332 

Dr. Richard P. Thompson 
Stanford University 
Department of Psychology 
Bldg. 4201 — Jordan Hall 
Stanford, CA 94305 

Dr. Michael T. Turvey 
Haskins laboratories 
270 Crown Street 
New Haven, CT 06510 

Dr. James Tweeddale 
Technical Director 
Navy Personnel RSfcD Center 
San Diego, CA 92152 

Dr. V. R. R. Uppuluri 

Union Carbide Corporation 

Nuclear Division 

P. 0. Box Y 

Oak Ridge, TN 37830 

9 

ERIC 



Headquarters, U. S. Marine Corps 
Code MPI-20 
Washington, DC 20380 

Dr. William Uttal 
NOSC, Hawaii lab 
Box 997 

Kailua, HI 96734 

Dr. J. W. M. Van Breukelen 
Afd. Sociaal Wetenschappelijk 

Onderzoek/DPKM 
Admiraliteitsgebouw 
Van Der Burchlaan 31 Kr. 376 
2500 ES 's-Gravenhage, NETHERIANDS 

Dr. Kurt Van Lehn 
Xerox PARC 

3333 Coyote Hill Road 
Palo Alto, CA 94304 

Dr. H. J. M. Wassenberg 

Head, Dept. of Behavioral Sciences 

Royal Netherlands Air Foroe 

Afd. Gedragswetenschappen/DPKLv 

Binckhorstlaan 135 Kr. 214 

2516 BA 's-Gravenhage, NETHERIANDS 

Dr. Shih-Sung Wen 
Jackson State University 
1325 J- R. lynch Street 
Jackson, MS 39217 

Dr. Douglas Wetzel 
Code 12 

Navy Personnel RH) Center 
San Diego, CA 92152 

Dr. Barry Whitsel 
University of North Carolina 
Department of Physiology 
Medical School 
Chapel Hill, NC 27514 

Dr. Christopher Wickens 
Department of Psychology 
University of Illinois 
Champaign, IL 61820 



1965/09/04 

Harvard Univei aity/Stephen M. Kbaslyn 



Dr. Robert A. Wisher 
U.S. Army Institute for the 



Dr. Steven Zornetzer 
Office of Naval Research 
Code 440 

800 N. Quincy St. 
Arlington, VA 22217-5000 



Behavioral and Social Sciences 
5001 Eisenhower Avenue 
Alexandria, VA 22753 



Dr. Martin P. Wiskoff 
Navy Personnel R&D Center 
San Diego, CA 92152 



Dr. Michael J. ?yda 
Naval Postgraduate School 
Code 52CK 

Monterey, CA 93943 



Dr. George Wong 
Bio8tati8uics Laboratory 
Memorial Sloan-Kettering 
Cancer Center 

1275 York Avenue 
New York, NY 10021 

Dr. Donald Woodward 
Office of Naval Research 
Code 441 NP 

800 North Quincy Street 
Arlington, VA 22217-5000 

•Dr. Wallace Wulfeck, III 
Navy Personnel R&D Center 
San Diego, CA 92152 

Dr. Joe Yasatuke 
AFHRL/LRT 

Lowry AFB, CO 80230 

Dr. Masoud Yazdani 
Dept. of Computer Science 
University of Ixeter 
Exeter EX4 4QL 
Devon, JNGIAND 

Mr. Carl York 

System Development Foundation 
181 Lytton Avenue 
Suite 210 

Palo Alto, CA 94301 

Dr. Joseph L. Young 
Memory & Cognitive 

Processes 
National Science Foundation 
Washington, DC 20550 



68 



ERJ.C 



